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ABSTRACT 

Two simple algori thms f o r  c l a s s i f i c a t i o n  of 
sedimentation l e v e l s  i n  water and f o r  d e l *  inea-  
t i on  of a c t i v e  s t r i p  mir~es a r e  i n  use  a s  p a r t  of 
the  developme~lt of a more gc,leral resource  
management information system. ERTS MSS CCT's 
a r e  processed so t h a t  each p i x e l  i n  each channel 
i s  geographical ly referenced and can be accessed 
ind iv idua l ly  during whole frame, multi-channel 
a n a l y s i s  o r  p a r t i p 1  frame analys is .  

The sedimentst ion a n a l y s i s  c l e a r l y  sepa ra t e s  
c l a s s e s  represent ing  t h e  t u r b i d  Anacostia water ,  
t he  l e s s  d is turbed  Potomac ( r e a l l y ) ,  and mud 
f l a t s  r e s u l t i n g  from e f f l u e n t  of a major sewage 
treatment  p l an t .  Mud f l a t s  of organic  o r  
mineral  o r i g i n  a r e  e a s i l y  d is t inguished .  
Several  c l a s s e s  of sedimentat ion s r e  e a s i l y  con- 
s t ruc t ed .  

S t r i p  mines a r e  c l a s s i f i e d  a s  b r i g h t  a r cua te  
o b j e c t s  with unique r e f l e c t a n c e  and geometrical  
proper t ies .  I n  our imagery of Allegheny County, 
Maryland, the  mines occur i n  r u r a l  a r e a s  where 
open f i e l d s  -re on the  d i s sec t ed  Allegheny 
p la teau ,  f o r e s t s  a r e  more gene ra l ly  i n  stream 
channels  belov. The mines a r e  cu t  i n t o  t h e  
h c r i z o n t a l  contour of t h e  v a l l e y  s lopes  and a r e  
e a s i l y  d i s t i ngu i shed  from t h e i r  surroundings. 
Some f i e l d  observa t ions  have been made, bu t  w e  
a r e  not  su re  a l l  mines were c l a s s i f i e d  a s  such. 

In t rodut ion  

The Earth Resources Technology S a t e l l i t e  o f f e r s  a unique oppor tuni ty  
f o r  synoptic  observat ion of hydrological ,  geologica l  and vege ta t iona l  
resources  a s  they i n t e r r e a c t  wi th in  a region,  such as t h e  Potomac River 
Basin. This  r i v e r  bas in ,  more than many o t h e r s ,  is cha rac t e r i zed  by 
va r i a t ion :  v a r i a t i o n  i n  physiography which occurs a s  t h e  river f lows 



from the  Allegheny P l a t eau  through t h e  Ridge and Valley Province,  t he  
Blue Ridge Plcuntains, t he  Piedmont P l a t eau ,  axid f i a n l l y  through the. 
Coas ta l  P l a i n  i n t o  Chesapeake Bay; v a r i a t i o n  i n  underlying geo log i ca l  
s t r u c t u r e ,  s o i l  type and depth,  and wi th  consequent v a r i a t i o n  i n  land- 
use,  and vege t a t i ona l  cover;  v a r i a t i o n  i n  c l ima te ,  a s  i l l u s t r a t e d  by 
t he  v a r i a t i o n  i n  r a i n f a l l ,  i n  which t he  Allegheny P la t eau  r e c e i v e s  
more than 70 inches of r a i n f a l l  annual ly ,  while t h s  ad j acen t  Ridge and 
Valley Province r ece ives  l e s s  than 40; i n  which the  Coas ta l  P l a i n  i s  
sub j ec t  t o  heavy t r o p i c a l  storms a s  we l l  a s  unp red i c t ab l e  thunder 
showers, d e l i v e r i n g  inchss  of r a i n f i i l l  i n  an hour. The g r e a t  v a r i a t i o n  
i n  i n t e n s i t y  of r a i n  ac ros s  t he  ba s in  coupled wi th  t he  v a r i a t i o n  i n  
s o i l  s t r u c t u r e  and bedrock geology means t h a t  optimum development of 
t he  Bas in ' s  resources  must h e  based on maximum understanding of t he  
i n t e r a c t i o n s  of geo logica l ,  vege t a t i on ,  hyd rc log i ca l  and c l i m a t i c  i n t e r -  
a c t i o n s  occur r ing  w i th in  t h e  Basin i f  extensi1.e damage t o  t h e  environ- 
ment i n  terms of water po l l u t i on ,  l o s s  c f  t op - so i l ,  and sediment 
depos i t  build-up i n  t h e  r i v e r  channel  a r e  t o  be prevented. Thus, 
development of a data-bank based on t he  d a t a  from r e p e t i t i v e  s a t e l l i t e  
coverage i s  imperat ive.  

A s  p a r t  of t h e  development of a data--resource bank f o r  determining 
such i n t e r c c t i o n s  we have employed both analog multi-band imagery and 
d i g i t a l  d a t a  obtained from ERTS-A. We have developed computer a n a l y t i c  
techniques t o  q u a n t i t a t i v e l y  eva lua t e  changes occu r r i ng  i n  t h e  r i v e r  i n  
such f a c t o r s  a s  t he  sedimentat ion and o rgan i c  p o l l u t i o n  l e v e l s .  

The ~ r o c e d u r e  used he re  is  o t e  t ha t -does  n o t  r e q u i r e  a l a r g e  o r  
dedica ted  computer o r  more than  one t ape  d r ive .  While t h e  procedure 
is  q u i t e  simple, t he  r e s u l t s  appear t o  c o r r e l a t e  q u i t e  w e l l  w i th  t h e  
q u a l i t a t i v e  observa t ions  which can be made by a n a l y s i s  of t h e  imagery 
i n  photographic f o m .  

Resul t s  

The a n a l y t i c a l  technique which we have used is b a s i c a l l y  a th ree-  
s t e p  approach. The f i r s t  s t e p  is t o  perform geographica l  r e f e r enc ing  
f o r  t h e  e n t i r e  d a t a  s e t .  This  is done u s ing  a pa t t e rn - r ecogn i t i on  
technique wi th  band 7 of t h e  ERTS bulk-data on Computer Compatible tapes .  
The low r e f l e c t a n c e  of water  i n  band seven i s  used t o  l o c a t e  water  
f e a t u r e s  of known geographical  co-ordinates .  The d i f f e r e n c e  between t h e  
apparent  l o c a t i o n  der ived  from the  header  record  on t h e  CCT and t he  
a c t u a l  l o c a t i o n  is  app l i ed  a s  a c o r r e c t i o n  i n  d e r i v i n g  a re fe renced  d a t a  
set. The e r r o r  f o r  a n  i n d i v i d u a l  p i x e l  is l e s s  than 250 meters.  Geo- 
g r aph i ca l l y  re fe renced  d a t a  s e t s  have been c r e a t e d  f o r  s e v e r a l  d a t e s  f o r  
r he  Potomac River a t . t h e  Anacost ia  confluence and f o r  s t r S p  mine r eg ions  
in  t h e  Allegheny Plateau.  



Preliminary r e s u l t s  of t he  ana lys i s  of t he  region a t  the Rnacostia 
Potcmac confluence i l l u s t r a t e  the second s t e p  of our a n a l y t i c a l  tech- 
nique, multi-channel dens i ty - s l i c ing  employed i n  ana lys i s  of change 
detection. Since change de t ec t ion  is  the  s i g n i f i c a n t  r e s u l t  t o  be 
obtained from r e p e t i t i v e  coverage by ERTS, changes i n  ex tent  o r  pre- 
sence of var ious  c l a s s e s  o r  :?flectance l e v e l s  were sought r a t h e r  than 
an absolu te  c o r r e l a t i o n  with ground-truth q u a n t i t a t i v e  sediment o r  
organic po l lu t ion  l e v e l s .  A conputer p r in t e r -p lo t  map of the region 
f o r  two da te s  i n  which each 50 S 80 m p i x e l  i s  displayed a s  a p r in t ed  
value was gencrated from the  geographical ly referenced da t a  s e t  a t  a 
s ca l e  of 1:20,000. The p r in t ed  values correspond t o  nine l e v e l s  of re -  
f l ec t ance ,  f i v e  corresponding t o  a general  i nc rease  i n  r e f l ec t ance  i n  a 
co lor  composite r e l a t i v e  t o  Chesapeake Bay, and t h r e e  t o  a decrease.  
Values f o r  normal r e f l ec t ance  l e v e l  of sea ,  bay o r  unpolluted r i v e r  
water a r e  i n  the range shown a s  ?I (normal). The algoritllm used t o  
gene rat^ these  l e v e l s  was derived simply by combining r e f l ec t ance  l e v e l s  
from thc  da t a  tape  by mul t ip l i ca t ion  aiid assignirlg the  product t o  pre- 
viously dstermined dens i ty  l e v e l s  and using the  dens i ty  s l i c i n g  tech- 
niques described.  

Most of the sedimentat ion i n  the  Potomac Estuary on 23 September 
(Fig. 1 )  was found e i t h e r  i n  the  Anacostia River channel o r  down stream 
below the  Occaq~an Creek. Low values i n  the  reg ion  below Roosevelt 
I s land  a r e  a s soc ia t ed  with l o c a l  uewage o u t f a l l s .  I n  f a c t ,  we seem t o  
be ab le  t o  f i n d  most of t he  major sewage e f f l u e n t  sources using t h i s  
ana lys is .  Very high va lues  of sedimentation a r e  faund i n  the  Anacostia. 
These a r e  assoc ia ted  with two major sources of sedimenti a sand and 
gravel  opera t ion  and run-off from open su r faces  a s soc ia t ed  wi th  cov- 
s t r u c t i o n  of roads and buildings.  

On 11 October, we, and of course everyone, found a very d i f f e r e n t  
pa t te rn .  Run-off from a heavy r a i n f a l l  had c a r r i e d  sediment i n t o  the  
Potomac from West Virg in ia  eastward. Figure 2 shows t h a t  a much d i f f e r -  
ent d i s t r i b u t  .on of sediment i s  found, being heavy i n  the  -Washington 
a rea  and inc luding  t h e  region around Roosevelt I s land .  While l e v e l s  
near  the previously mentioned o u t f a l l  a r e  modified by e f f l u e n t ,  so  much 
mineral  sediment has been c a r r i e d  i n  t h a t  thp o u t f a l l  is obscured. The 
h ighes t  va lues  a r e  aga in  found i n  the  mudflats  of t h e  B ~ u e  P la ins  sewage 
p l an t  near Wilson bridge. The mud-flat is organic,  not  mineral  and 
therefore  t h e  r e f l e c t a n c e  va lues  a r e  very low i n  a l l  channels. 

A e imi l a r  a lgor i thm (addi t ion  of a l l  fou r  channels  wi th  subsequent 
dens i ty- r l ic ing)  has been developed f o r  de t ec t ion  of r t r ip-mines i n  t he  
Allegheny R l a t ~ a u .  Normalization f o r  t h i s  region i r  performed by 
determining t h e  maximum, minimum and range of va lue r  over  t h e  a rea  under 
Inve r t iga t ion  f o r  each da t e ,  then us ing  th ree  ranger i n  determining thc  
'range correrpondi~rg t o  t he  comporita r e f l ec t ance  of t h e  s t r i p  miner. 



I n  summary, t he  d i g i t a l  techniques developed f o r  i d e n t i f i c a t i o n  of 
sedimentat ion l e v e l s  are adaptab le  t o  l a r g e  o r  small computer i n s t a l l a -  
t i ons .  The r e s u l t s  show t h a t  we can c l a s s i f y  sedimentat ion l e v e l s  and 
t h a t  i t  should be pos s ib l e  t o  c o r r e l a t e  l e v e l s  found i n  a n a l y s i s  wi th  
p a r t i c u l a t e  l e v e l s  measured i n  t he  f i e l d .  I n  a d d i t i o n ,  o rganic  e f f l u -  
e n t s  which do not  con t a in  ch lorophyl l  were a l s o  ubservable ,  makiqg 
p o s s i b l e  t he  i d e n t i f i c a t i o n  and monitor ing of sewage and o t h e r  organic  
i npu t s  i n t o  r i v e r i n e  waters .  
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Figure 1 Digital Display of 
Sedimentation 23 Sep 72 
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Figure 2 Digi ta l  Display of 
Sedimentation 10 Oct 72 




